Embryonic tissue explants of the sand fly Lutzomyia longipalpis (Lutz & Neiva 1912) 
identification, obtained from naturally infected phlebotomine sand flies (Lutzomyia spp.), collected in Colombia and other tropical American countries, are of particular importance.
Continuous lines of insect cells have played a special role in virology. The susceptibility of these cultures to different viruses of medical interest has been studied (Tesh 1979) , viruses have been isolated and identified (Varma et al. 1976 ) and they have been adopted in substrates in the production of viral antigens (Hummel et al. 1992) . Furthermore, they have helped in understanding cellular biology (Hink 1979) and, recently, they have provided information concerning molecular studies and biological control mechanisms (Yuval & Warburg 1989) .
The first insect cell line was established by Grace (1966) ; since then many different cell lines have been obtained, mainly corresponding to the orders Diptera, Lepidoptera, Hemiptera and Orthoptera. When initiating insect cell cultures, a general methodology similar to that employed in the establishment of mammalian cell cultures was used (Hsu et al. 1972) ; however, particular conditions need to be modified and standardized for each species depending upon the tissue selected for initial explant, culture media, additional nutritional supplements, pH, incubation temperature and cell removal mechanisms, among others (Freshney 1987) .
In this paper, the establishment of a Lu. longipalpis cell line is reported, originating from embryonic tissue collected from biological material in Colombia. Morphological, cytogenetical and biochemical characteristics, as well as susceptibility to arbovirus infection and interaction with Leishmania promastigotes, were also studied.
MATERIALS AND METHODS
Obtaining biological material -Lu. longipalpis immature forms (embryonated eggs and first stage larvae) were taken from the colony established in the Colombian National Institute of Health, Laboratory of Entomology; this colony was established with specimens collected from El Callejón near the town of Ricaurte in the Cundinamarca Department, Colombia (4 o 18´N, 74 o 42´W), in December, 1994. Groups of 100 females, after being fed on an anaesthetised hamster at the same time, were placed in a breeding jar which had been previously prepared with dental plaster of Paris at the bottom to allow oviposition. In turn, the jars were placed inside a polystyrene box to maintain constant environmental temperature and humidity conditions.
Eggs washing and disinfection -Embryonated eggs, having five to six days of incubation, were put separately into 50 ml centrifuge tubes, kept in water until disinfected following the procedure described by Tesh (1980) .
Obtaining larvae -Once the eggs were disinfected, they were placed in a previously sterilized Petri dish, having a filter-paper base wetted with 8-15 ml sterilised water; they were protected from the light using aluminium foil and incubated at 28 o C. Hatching began after 24 h of incubation.
Initiation of primary cultures -Sterile embryonated eggs were rinsed in MM/VP12 medium (Varma & Pudney 1969) ; 1 ml of egg mass was placed into a 2 ml Ten Broek homogenizer where the eggs were disrupted mechanically. The resulting cell suspension was put into a 25 cm 2 plastic cell culture flask which contained 5 ml growth medium. It was incubated at 28 o C and the culture was observed daily through an inverted microscope. Another option consisted of working with first stage larvae; after hatching, these were withdrawn from the Petri dish with entomological needles and placed on concavity microslides, where they were cut into 3-4 fragments being observed by stereoscope. They were then suspended in growth medium and placed in a plastic bottle in the same conditions as the eggs.
Subcultures -The first successful subculture was obtained in August, 1996, from 6 day old eggs, and 96 passages have been made to date. The breaking up of the confluent monolayers in the cultures was done mechanically with the help of a rubber policeman. The first four subcultures were carried out in a passage split ratio 1:2 at 45 day intervals. The time was gradually decreased until seven day intervals were reached with a 1:5 pass proportion and the FBS concentration was reduced to 5%.
Morphological characteristics -Cell morphology was photographed and described from the culture observation, using an inverted microscope with phase contrast and an "Olympus" microphotographic system in increments of 100 to 400 X magnification.
Sterility tests -Tests were carried out on the cell cultures to remove the possibility of bacteria, fungus or mycoplasma contamination (modification of the bisbenzimide technique as described by Russell et al. 1975) . Finally, to show that the cultures were free from virus infection, a cell suspension was prepared from a bottle of 7-day incubation culture and kept frozen at -70 o C for a week. It was then thawed and quickly refrozen twice to be later centrifuged at 3,000 rpm for 5 min. A total of 20 nursing mice were inoculated intracerebrally with 0.1 ml of the supernatant and 0.1 ml was also inoculated into each one of 20 tubes of Vero cells. The mice were observed for 28 days in the animal house and the Vero cells were observed for 15 days at 37 o C through the inverted microscope.
Preservation of cell line -A cell suspension was prepared which contained 3-5 × 10 6 cell/ml in freezing medium (70% MM/VP12, 20% FBS and 10% DMSO) and was dispensed in one ml units into cryovials, stored at -196 o C.
Cell growth measurement -The procedure described by McAteer and Davis (1994) was applied to determine the multiplication rate (r) and the Lulo Population Doubling Time (PDT), between passages 38 to 40.
Cytogenetics -The procedure described by Schneider (1987) was carried out on a culture seeded 72 h before.
Isoenzymatic profiles -The isoenzymatic phenotypes of four enzyme systems were examined: PGI, PGM, MPI and 6-PGDH. The isoenzymes were separated using electrophoresis on cellulose acetate, according to the procedure described by Brown and Knudson (1980) . Cell samples were run simultaneously with Lu. longipalpis pupae and adult extracts coming from the same colony. The isoenzymatic patterns from the present cell line were compared with the Aedes taeniorhynchus cell line (Bello et al. 1995) and also, in the PGI system, with LL-5 cell culture (Tesh & Modi 1983) .
Susceptibility to arbovirus -The susceptibility of Lulo to five arboviruses, listed in Table I , was determined in parallel with the AA C6/36 cell line (Igarashi 1978) . Dilutions from 10 -1 to 10 -4 were prepared from each one of the viruses; two tubes of Lulo cells and two tubes of AA C6/36 were subsequently inoculated with 0.1 ml of each dilution. They were left to incubate for five days at 28 o C. After this time had elapsed, the cells were broken away, washed twice with PBS and impressions were made in 18-well slides, which were fixed with cold acetone for 10 min to carry out indirect immunofluorescence (IIF). To this end, a 1:20 specific hyper-immune antibody dilution produced in mice was prepared and left to incubate on the slides for 1 h at 37 o C. Later the slides were washed three times with PBS, left to dry and mouse anti-IgG conjugate labelled with fluorescein (1:80 dilution in 1:10,000 Evans blue) was added to them. They were incubated for 30 min at 37 o C. Finally, the slides were washed twice with BFS and once with distilled water. The preparations were mounted in glycerine buffer and observed under epifluorescence microscopy.
Lulo interaction with Leishmania chagasi promastigotes -Bottles of 25 cm 2 containing 48 hold culture monolayers were inoculated with 0.5 ml of a Le. chagasi promastigote suspension (WR strain, kept in the Colombian National Institute of Health, Laboratory of Parasitology in Schneider's medium supplemented with 20% FBS and 20 µg/ ml gentamicin sulphate, at a pH of 7.4) which contained a 3.4 x 10 5 parasite/ml concentration and it was complemented with a 5 ml volume of MM/ VP12 medium; the bottles were incubated at 24 o C for 7 days. This procedure was carried out with controls for cells (Lulo plus MM/VP12 only), and medium (Lulo plus Schneider's medium), and control for parasites (promastigotes plus Schneider's medium), all of them into independent 25 cm 2 bottles.
RESULTS
Establishing the cell line -The original Lulo culture was initiated on the 12th of July 1996 from embryonated eggs that had been incubated for six days. Explanting was carried out after ten days; some cells then started to adhere to the surface of the culture flask. These started to slowly increase in number and gave origin to cells having different morphology. The third week after the explant had been carried out, the culture was fed weekly with 2 ml of fresh culture medium. The first subculture was carried out on the 45th day, using a rubber policeman to remove the cells from the culture bottle surface and putting them into fresh culture medium in a 1:2 proportion. The Lulo cultures were initially composed of a heterogeneous cell population, being consistently elongated, spherical, irregular, small and presenting vesicles constituted by epithelioid cells. Some monolayers having fibroblastoid cells predominated in the first subcultures, while epithelioid cells were more numerous in others. In higher passages, there was greater cell morphology uniformity, epithelioid types being predominant (Figs 1, 2, 3) . In some larval explants it was observed that cells began to appear towards the edges of the fragments but these were incapable of adapting to the medium and subsequently degenerated. After embryonic tissue explanting, the cells have been kept in MM/VP12 medium, with variations in FBS concentration; 20% FBS during the first 12 subcultures, then the concentration was gradually reduced until 10% was reached after 20 passages had been made. The optimum pH range for cell growth in MM/VP12 medium was 6.7 to 6.9 and the average incubation temperature was 28 o C. The cells did not show bacterial, fungal, mycoplasmic nor viral contamination. The viability of frozen cells was shown at two weeks and at six months after being frozen. Thawing was carried out quickly, removing a vial from liquid nitrogen and plunging it immediately into a serological bath at 37 o C. The Lulo growth curve between passages 38 to 40 showed that there was one generation every 25 h.
Karyotype characteristics -The metaphases obtained from cells corresponded to early subcultures and to the cell line, exhibiting a diploid number of eight chromosomes (2n = 8), registering haploid, aneuploid and tetraploid presence, each one having a 5% frequency, while 85% were diploid. Chromosome pair one was classified as being subtelocentric, while pairs 2, 3 and 4 were metacentric.
Isoenzyme profiles -The isoenzymatic phenotypes of Lulo, corresponding to the four analyzed systems, were a band for PGI, PGM and 6-PGDH and two bands for MPI. These results also corresponded to the pupa and adult samples coming from the same species and colony. In Table II the average values for electrophoretic mobility relating to each one of the isoenzymatic systems of Lulo are shown, taking an Ae. taeniorynchus cell line as a pattern and also comparing the PGI system with the Lu. longipalpis (LL-5) cell line.
Arbovirus susceptibility -Lulo was sensitive to infection by three of the five inoculated arboviruses, representing the Togaviridae, Reoviridae and Rhabdoviridae families. The best replication capability was obtained using the Vesicular Stomatitis virus in the cell substrates which were used, while the Ilheus and Punta Toro viruses did not replicate in Lulo. None of the viruses which were examined produced cytopathic effects in the cultures (Table I) .
Lulo interaction with Leishmania promastigotes -The parasites multiplied themselves in Lulo but in less quantity than that observed in Schneider's medium, however, they conserved motility and roseate formation characteristics. By contrast, after the fifth day of being in contact with parasites, the cells started to become round and to break away from the substrate, until cell death was finally produced towards the tenth day of incubation. (Bello et al. 1995) ; b: Lutzomyia longipalpis (Tesh 1983) .
DISCUSSION
The MM/VP12 medium with 20% FBS, at an incubation temperature of 28 o C and a pH of 6.7 to 6.9, provided the necessary environmental and nutritional conditions for explant survival and for new cell growth. Due to this, subcultures continued to be carried out in MM/VP12 medium, reducing the FBS concentration in greater passages to 5%. Although the MM/VP12 medium was also used in the initiation of the LL-5 cell line (Tesh & Modi 1983 ) the FBS concentration was kept at 15% and the culture initiated with eggs laid 3-5 days before. Furthermore, differences were observed in the primary culture, while in LL-5 the primary adherent cells became evident 14 days after initiating explant and the first subculture was made on the 107th day, a weekly pass being made thereafter. The first adherent cells were obtained in Lulo 10 days after explant and their first subculture was carried out in less time (45 days), slowly diminishing the time required to establish pass frequency to a week, after the twentieth passage. The foregoing could be due to the particular characteristics of the Lu. longipalpis populations used; this being different to other subcultures obtained from Culex theileri (Oelofsen et al. 1990 ), Toxorhynchites amboinensis (Tesh 1980) and Anopheles gambiae (Marhoul & Pudney 1972 ) mosquitoes which lasted for less time in similar conditions. Another difference between the two phlebotomine established cell lines was in the morphological characteristics of the culture; the Lulo cell line was composed of epithelioid cells, while the presence of two types of cells was reported in LL-5: some small epithelioids and some other bigger fibroblastoids.
The Lulo karyotype, whose diploid number was eight chromosomes, coincided with that reported for this species and was found to be within the observed range of 2n = 6 to 2n = 10 for phlebotomines from the Old and the New Worlds (Carvalho et al. 1962 , Kreutzer et al. 1987 , 1988 . The morphological characteristics of the Lulo chromosomes showed pair one to be subtelocentric, while pairs 2, 3 and 4 were metacentric, there being little difference in size between pairs 3 and 4. None of the four chromosome pairs showed heteromorphism. A low percentage of cells in metaphase was seen with 85% of the cells diploid and the remainder heteroploid, aneuploid and haploid. Lulo can thus be considered as a diploid cell line.
Isoenzymatic profiles coincided with pupa and adult samples in four different systems from the same species and the same colony, showing the origin of Lulo from the embryonic tissue of the insect. The comparison of this cell line in the PGI system with LL-5 from Lu. longipalpis (originating from a colony established with material coming from Belo Horizonte, Brazil) gave different results. This suggests that, in cell cultures, the species (derived from two South American populations) could also present genetic polymorphism, sustaining the idea that it is a complex of species (Ward et al. 1983 , Lanzaro et al. 1993 , 1998 .
Other interesting data provided by the study revealed that alphavirus (Mayaro) infected Lulo cells, while no evidence of infection was found in AA C6/36, in spite of the fact that positivity has been reported by Mezencio et al. (1989) in their experiments involving this cell clone; which could probably be due to a modification of the specific clone C6/36 cell employed in the present study. The results obtained with Punta Toro virus (phlebovirus) were unexpected, due to the fact that it did not produce infection in the Lulo cells nor in the AA C6/36 cell line, the same negative results having been described in LL-5 by Tesh and Modi in 1983 . The explanation could lie in the fact that the sand-fly is composed of different cell populations, while the established cell line generally contains a single cell population. For example, Igarashi et al. (1973) showed differences in the Japanese encephalitis virus' ability to replicate in Ae. aegypti cells; Igarashi also showed growth variations in chikungunya and dengue viruses in selected Ae. albopictus clones' cells. These observations suggest that for arbovirus growth, the type of predominant cell in the cell culture must be as important a factor as the species providing the origin of culture. Two of the three arbovirus isolated from phlebotomie sand flies (Changuinola and Vesicular Stomatitis), and used in cell culture infection demonstrated the ability to replicate in Lulo, suggesting that this cell line could be used for future indigenous virus isolation, associated with sand flies and, extensively, with other arthropod vectors, to be considered from the perspective of also supporting viral characterization studies at molecular level.
In the Lulo interaction with Leishmania promastigote assays, the fact that the parasites conserved their viability and could multiply themselves, was not due to the MM/VP12 medium, but rather to some type of relationship which the parasite established with the cell, perhaps taking some growth factors or ions from it, which (such as iron) are fundamental substances for parasite preservation (Wilson et al. 1994) .
This preliminary description of the behavior of Le. chagasi linked to Lulo could be the starting point for vector-parasite development interaction studies in these cells. This will probably make in vitro development of their biological cycle possible (in spite of Leishmania being an extracellular parasite in the insect), when modifying some cell cul-ture physical-chemical factors; this situation will be achieved only after further experiments has been carried out to determine parasite differentiation and maturity. From the in vitro co-culturing system (i.e. Lulo with the parasite) research can be developed concerning Leishmania metabolism, anti-parasitic drug evaluation and antigen production which can be used in diagnostic tests and vaccines. These activities will constitute a great support for studies of parasite which is currently being carried out in other cell substrates derived from the tissues of humans and other mammals (Kiderlen et al. 1986 , Vouldoukis et al. 1986 , Carvalho et al. 1989 , Konecny et al. 1999 , Mukhopadhyay et al. 1999 , Nandan et al. 1999 .
Other potential Lulo applications could be presented at physiological and genetic investigation levels, in a similar way to those effected in other lines derived from insects (Leake 1997) .
